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Introduction
A great deal of recent attention and debate by economists has focused on the role of early childhood socio-economic conditions and future life outcomes, including educational attainment, occupational success, morbidity and longevity. In a recent paper, Van den Berg et al. (2006) matched information on prevailing macroeconomic conditions when an individual was born, together with some basic parental characteristics, to explore the predictive power of these socio-economic variables in explaining mortality differentials in three provinces of the Netherlands. The advantage of their data was the long time frame, 1812 to 1992, which provided considerable variation in the business cycle together with a number of disease outbreaks including cholera in 1849, smallpox in 1870-71 and influenza in 1918. Their data were obtained from registers of birth, marriage and death certificates.
Using a Mixed Proportional Hazard (MPH) model, and conducting a variety of robustness checks, they found a significant relationship between the macroeconomic conditions at birth and longevity, with being born in a recession leading to 'a few years less' of life than an individual born in a boom time. They also found a significant relationship between father's social class, father's level of literacy and length of life.
In this paper, we contribute to this literature by exploring the role of childhood socio-economic conditions of children living in England and Scotland in the 1930s in predicting their length of life.
The data collected between 1937 and 1939 are from the Carnegie United Kingdom Trust's Study of Family Diet and Health in Pre-War Britain (hereafter the Boyd Orr cohort, after Sir John Boyd Orr, the Director of the Rowett Institute, where the study was undertaken). This was one of the first surveys to focus on the well being of children, and it collected a wide-range of information about living conditions and household characteristics for around 5,000 children. We use this information together with matched mortality data obtained from official death registers, collected up to 2005 by researchers in the Department of Social Medicine at the University of Bristol, to investigate if childhood socio-economic conditions were significant predictors of mortality. In this respect, we build on several papers by medical researchers who have used these data (see Frankel et al., 1999; Dedman et al., 2001) . 1 A review of the wider epidemiology literature on childhood socioeconomic conditions and mortality can be found in Galobardes et al. (2004) , who note that there has been 'relatively little investigation of how early life social circumstances influence adult health ' (p.8) . In an analysis of the 1 More generally, the Boyd Orr cohort has also been used to examine the relationship between childhood conditions and health during the subsequent life course (see Martin et al., 2005) . Some of the studies have focused on the links between anthropometric or medical indicators observed in 1937-39, and the onset of a variety of medical conditions later in life. One example is the link between childhood leg length and cancer risk (Gunnell et al., 1998a; Gunnell et al., 1998b) ; another is between childhood body mass index, cancer risk and cardiovascular mortality (Gunnell et al., 1998c; Jeffreys et al., 2005) . Other studies have focused on the connection between food intake and its dietary constituents and life course outcomes (see Frankel et al., 1998; Ness et al., 2005) . National Child Development Survey (NCDS), a 1958 UK birth cohort, Case et al. (2005) find that individual health and socio-economic background during childhood are strongly related to selfreported health status in adulthood. Exploring the intervening mechanisms they conclude that health outcomes in adulthood are, to a large extent, carried forward from childhood. Birth cohort data such as these do not allow the modelling of unobserved family effects, and more important still, the cohorts are typically too recent to permit the analysis of mortality. However in a recent study Strand and Kunst (2007) analyse the relationship between childhood socio-economic conditions and early adult mortality of Norwegians born in the period 1955-65. Another recent example is Hamil-Luker and O'Rand (2007) who examine the link between childhood socio-economic condition and heart attack risk in adulthood using data from the US Health Retirement Study.
We estimate multivariate single and competing-risks duration models that utilise the fact that we observe multiple children in nearly all of the households. We pay particular attention to the role of household income in predicting mortality and we provide new evidence on the influence of variables such as birth order and housing conditions. We also evaluate neighbourhood effects using matched data on local unemployment and infant mortality rates.
Our data has both strengths and weakness compared to that analysed by Van den Berg et al. (2006) . In addition to examining data from a different country in a very different time period, there are three main advantages of our data. Firstly, we have far greater information on child living conditions and parental socio-economic characteristics than is available from birth and marriage registers alone.
Secondly, as already noted, we observe multiple children in each household, and we use this information to improve the identification of unobserved heterogeneity in our models. Thirdly, we have information on disease-specific mortality that allows us to test whether childhood living conditions have differential effects of the probability of dying from heart disease, cancer or other causes. The two main disadvantages of our data are that we observe only one cohort of children and so have little variation in macroeconomic conditions (although we do observe large differences across areas), and we do not follow all the children from birth as the children in our sample range between ages 1 and 17 at the time of the household interview.
The paper is setout as follows. In Section 2, we describe the historical context of the period and introduce the data. Section 3 provides detail of our duration framework modelling strategy, while the results are discussed in Section 4. We conclude the paper in Section 5.
Data and Historical Context
The Boyd Orr survey that we draw on in this paper represents the culmination in the interwar period of a line of social investigation originating in the late nineteenth century that focused on the relationship between poverty and life chances. It is one of the few interwar surveys for which the original records have survived and the only one for which conditions in childhood have been linked to subsequent longevity. 2 For our purposes, it also has two other important advantages. One is that it took place at a time when severe poverty still existed, particularly among children, and it pre-dates the dramatic levelling of incomes and the fall in the incidence of poverty that took place during the Second World War. This, together with the post-war expansion of the welfare state, means that children observed in the 1930s typically faced much better conditions in later life. 3 As a result, we are better able to identify the effects of deprivation in childhood rather than the persistent effects of poverty throughout the life cycle. 4 The second is that the survey took place long enough ago to make possible the study of longevity: by 2005 one third of the children observed in 1937-9 had died.
In his pioneering household survey of York in 1899, Rowntree (1901, p. 111, 117) found that 9.9% of the population were living in 'primary' poverty (having incomes insufficient even to maintain physical efficiency) while a further 17.9% were in what he described as 'secondary' poverty. He also gave a graphic description of the health deficits suffered by children in the poorest households. From the turn of the century to the 1930s, a number of studies reported similar results for different towns and cities. 5 They found over time that low wages coupled with large family size had diminished as a cause of poverty while unemployment became a more important cause, particularly in the 1930s.
In 1936, Rowntree undertook a second survey of York, which afforded comparisons with the earlier survey. He found that primary poverty had diminished from 9.9% to 5.1% of those in working class households, of whom 46.6% were children under 14. However, using a poverty line a little higher than bare subsistence 17.8% were in poverty in 1936 of whom 33.6% were children (Rowntree, 1941, pp. 35-6, 110) . Rowntree also identified significant improvements in the health of children since 1899, including a sharp reduction in death rates, particularly due to infectious diseases, and gains of 1-2 inches in average height and 5-6 pounds in average weight. Nevertheless, differences in height, weight and general health between children in the poorest and least poor families remained as marked as ever. 6 This was also revealed in the data collected by Boyd Orr in 1937-9 (see further below). The gap between the poorest and least poor children at age 10-15 was 2.8 inches in height and 13 pounds in weight (Rowett Institute, 1955, p. 144) , and there were large differences across income classes in a variety of clinical abnormalities and medical conditions. Interest in the effects of poverty on health was stimulated by concerns about national efficiency and by improvements in nutritional science. In 1896-1900, 34% of army recruits presented for medical examination were rejected on account of lack of physical fitness. From that time it was increasingly recognised that stature, weight and health were linked to standards of nutrition, which were determined largely by income. While contemporary studies were not able to identify the effects of childhood poverty over the whole life course, there was a growing recognition that conditions early in life were important. This translated into increasing political pressure for better health services and especially for a more comprehensive social security system that would include family allowances (Macnicol, 1980 ). Yet until the War, the government resisted these budgetary pressures, refusing to acknowledge the extent of deprivation among poor children and suppressing evidence to the contrary (Mayhew, 1988) .
Up to the late 1930s, health insurance covered only employees (and not their spouses or children), public services for maternal and child welfare were very limited (especially in poor areas), and only 2% of children received free school meals (Webster, 1985) . In 1936, two studies shook the assumptions of the establishment. One by M' Gonigle and Kirby (1936) provided direct evidence on the relationship between food expenditure and children's health in a sample of households in Stockton-on-Tees. The other by Sir John Boyd Orr (1936) calculated that 10% of the national population had diets that were nutritionally deficient (their average weekly food expenditure was just ₤8.80 per head at the prices of 2005). To provide further direct evidence Boyd Orr embarked on a household survey of diets and health in 1937-9 (the survey that we use here), but the research was overtaken by events and the results were not published until 1955 (Rowett Institute, 1955) .
The records from this study survive and have been supplemented with additional data by a team of medical researchers at the University of Bristol (see Martin et al., 2005) . The original survey covered a total of 1,343 households, containing 4,999 children and young adults under the age of 19.
A selection of households was surveyed in 16 different towns and villages in England and Scotland, which were intended to be representative of both rural and urban locations. 7 It was confined to families with children and was targeted so as to over-represent poor families. The survey recorded details of the demographic structure of each household together with details of income and housing conditions. It also recorded itemised details of expenditure on and consumption of food during the survey week. Finally, the clinical part of the survey collected a variety of indicators of the anthropometric and health status of the children including height, leg length, weight, incidence of medical conditions and dental decay. The Bristol team conducted follow up surveys in 1997/8 and 2002/3 of the survivors of the Boyd Orr cohort who could be traced, collecting details of their health and socio-economic status later in life. More important, for our purposes they used the NHS Central Register to identify the date and cause of death, for those who were resident in Britain on 1 st January 1948 and for deaths occurring up to 31 st July 2005. Deaths before 1948 were identified from other sources and with less detail. Of the 4,999 children, we have reliable follow-up information up to 2005 or date of death for 4,510 (or 90%). 8
In this paper, we focus on the sample of 4,460 children aged less than 18 years at the time of interview and who have been successfully tracked. We drop 65 cases that are possible combat deaths in the Second World War and a further 50 because household income is missing. 9 These children lived in 1,251 households, with the average number of children observed in each family being 3.6. Table 1 provides means and standard deviations of the key variables for this sample. Importantly, one-third of these children had died by 2005, and the average age at death was 62 years. Cause of death was ascertained from death certificates and classified according to the International Classification of Diseases, 9 th and 10 th Revisions. Household income per capita is categorised as low (less than 10 shillings per week), medium (10-20 shillings) and high (greater than 20 shillings). To put this in perspective, 10 shillings per week is equivalent to 2.4 US dollars per person per day at 2006 prices-a figure that is close to the World Bank's international poverty line. Boyd Orr (1936, p. 49) identified those living with incomes of less than 10 shillings per week as having a food intake that was deficient in almost every constituent, while those with slightly higher incomes suffered deficiencies mainly in certain minerals and vitamins. Unemployment of the household head, an indicator that was strongly linked to poverty in the interwar period, affected 34% of the children in the sample. As a proxy for poor housing conditions, 32% of them lived in homes with inadequate ventilation as recorded by the interviewer. To these household level variables we have added two measures of conditions in the locality, the unemployment rate and the infant mortality rate. 10 The average unemployment rate across the 16 areas was 12.3%, but there was a great deal of variation across areas with the rate ranging from 6.5% to 8 The trace rate has increased slightly since earlier research that used the same database as a result of further searches of archived records, contacts with surviving study members and additional notifications from the NHSCR. The dataset used here includes some individuals for whom only partial follow up information is available. 9 Since we have no cause of death before 1948 we cannot identify those who died in the War. We therefore exclude males born before 15 th August 1927 and who died between 3 rd September 1939 and 15 th August 1945. 10 The average unemployment rate for 1937-9 was calculated from the Ministry of Labour's local unemployment index; the local infant mortality rate for the same years was obtained from Registrar General Reports for England and Wales and for Scotland. 22.2%. Similarly, while the average area infant mortality rate was 62 deaths per 1,000, this ranges in the data from 51.3 to 79.5. 11 To get a preliminary feel for the relationship between childhood socio-economic conditions and length of life, we plot the death hazard rate for those living in a low-income household (i.e. less than 10 shillings per capita), compared to those living in the higher income households (Figure 1 ). We also plot the death hazard by area infant mortality rate, where we simply distinguish between areas with lower and greater than the average rate. The data clearly suggest that children living in a higher income household have a lower probability of death at any age than their low-income equivalents. This is the case at virtually every age, and the differential appears to be greatest for deaths in the age range of approximately 55 and 80 years. Similarly, although the differences are not as clear or large as for the case of household income, individuals who resided in areas with relatively high infant mortality as a child had higher death hazards particularly evident in the age range of approximately 60 to 75 years.
Duration Models
To further explore the predictive power of childhood socio-economic conditions on length of life, we estimate both Proportional Hazard (PH) and single and competing risks Mixed Proportional Hazard Models (MPH) of mortality. Importantly, with the MPH models we make use of the fact that we observe multiple children in nearly all of the sample families. The basic building block of the MPH models is a hazard function that is multiplicative in its components:
is the hazard rate of the event in question, in this case death, and t denotes the elapsed duration i.e. age. Here, ( ) t λ is called the baseline hazard and attempts to capture time varying unobservables that are the same for all individuals and move systematically with age. The function ( ) x φ is a regressor function dependent on an observable vector of characteristics x. This function is usually taken to be where x can include polynomials or other functions. Here, 0 x e β > ( ) f v is a timeinvariant unobserved positive heterogeneity component whose distribution is not necessarily ex ante known. In our application, we take v to be a fixed term for all children in the same family and thus rely on stronger information for the identification of than is possible under single-risk MPH models.
The standard formulation is to take
In our empirical specification for the baseline hazard, we take a very flexible specification for ( ) t λ i.e. we take ( ) t λ to be piece-wise constant (=Kaplan-Meyer): individual observed dying at age when initially observed at age is then:
where is the unobserved heterogeneity distribution that needs to be integrated out. We take a flexible mass-point distribution with:
Here, are points to be estimated and k v k p are probabilities to be estimated. In our empirical applications we take K=2 though we also tried higher numbers for K. In the case that all the points are identical, the MPH model reverts back to the PH model.
The eventual likelihood then becomes: Since we presume to be the same for different individuals within the same family, the likelihood over the J families becomes:
where j S is the set of individuals in family j. The total likelihood is then
We also estimate a model that captures the possibility that different childhood factors might be associated with different disease-specific deaths. In this respect, the data allow us to differentiate between three broad causes of death: (1) heart disease, (2) cancer and (3) other deaths. In order to allow for the possibility that the same variable may be associated with increased hazard rates of death for one cause of death but not another, we will also estimate a competing risks MPH model. Formally, this means that we look at three distinct hazard rates, associated with heart disease, cancer and other causes of death, respectively. Each of these is modelled as above.
The likelihood of observing someone dying from heart disease at age is then for instance: characteristics. We presume that the unobserved heterogeneity is household specific in which case it is more natural to assume that the moment of mixing is at the interview. All observed characteristics in our sample, except age, gender and age at interview, are household characteristics; the sample was designed as a household sample rather than a sample of individuals. In addition, within households premature deaths of children in the period of the survey were likely to have led households to respond by producing more children. These factors imply that the unobserved heterogeneity term is best viewed as a household characteristic that is orthogonal to the other characteristics at the moment of the interview. 12
Results
We estimate both Proportional Hazard (PH) and Mixed Proportional Hazard (MPH) models of length of life. We also allow for the socio-economic childhood conditions to have a differential effect on length of life by estimating a competing-risks MPH (CRMPH) model that distinguishes between death from ischaemic heart disease, cancer and other causes. The results are shown in Tables 2, 3 and 4, respectively. For each model we provide two specifications in order to illustrate the change in the parameter estimates when we include additional explanatory variables that are likely to be correlated with household income. In Specification 1 (Spec 1), we control for only age categories, sex and household income per capita. In the second specification (Spec 2), we also include controls for other socio-economic conditions expected to be important in predicting lifetime health. These are: whether the head-of-household was unemployed, the number of children in the household, whether the child was first-born in the family and whether the home had adequate ventilation (as assessed by the interviewer). To test whether the external environment to the household plays an additional role in predicting longevity we also control for the area infant mortality rate at the time of interview. We note here the very high correlation between infant mortality and the unemployment rate (0.92) across the 16 areas in question. Since we observe unemployment at the household level, we drop the local unemployment rate and focus on infant mortality as an indicator of the local health environment.
Single-Risks (All-Cause Mortality)
The results for all-cause mortality are presented in Table 2 and the first column in Tables 3 and 4 .
Those reported here are not sensitive to the exclusion of all deaths before 1948, for which our information is less reliable. For Spec 1, the parameter estimates are very similar for the PH and the MPH models. As expected, all the models show a monotonically increasing probability of death with age, and that males live significantly fewer years than females. Importantly, we observe that higher household income per capita is associated with significantly longer life in both the PH and MPH allcause models, and the differential in life expectancy predicted by income is large. For example, using the income estimates from the MPH model we calculate that at the sample means life expectancy was higher by 0.84 years for those in the middle income group and by 3.13 years for the high income group, compared to those children living in low income households (i.e. less than 10 shillings per capita per week).
Moving from Spec 1 to Spec 2 (Table 2) , we add into the model other socioeconomic and demographic variables that are likely to be correlated with household income. As a result of correlation with these variables, particularly unemployment, the coefficients on income are substantially reduced although the high-income dummy remains significant for the PH model. The coefficient on unemployment of the household head is negative as expected, and significant at the 10 percent level, which is consistent with the results reported by Frankel et al (1999) using the Boyd Orr cohort 13 and also with the business cycle effects found by Van den Berg et al (2006) . This effect may reflect more than the loss of income, with which it is correlated. Interwar observers stressed that prolonged unemployment of the main family breadwinner also had significant psychological effects, which could affect the well-being of the whole household (see Beales and Lambert, 1934; Eisenberg and Lazarsfeld, 1938) .
Interestingly, we find no evidence that the number of the children in the household was a significant predictor of mortality, but we do find evidence of greater longevity for first-born children, whose life expectancy is estimated to be greater by 1.88 years than those of higher parities. Similar results were found by Modin (2002) using data from the Uppsala Birth Cohort Study that tracked children born in the Uppsala Academic Hospital in Sweden during the period 1915-29. This finding is also consistent with other evidence that first-born children enjoy family resource advantages over children at higher parities. 14 Turning to indicators of housing conditions, we initially included a measure of overcrowding (persons per room) which we found to be insignificant in all the models. Since there are missing observations for this variable we have dropped it in order to maximise the sample (dropping these cases has little effect on the other coefficients). However, the models do suggest that housing quality as captured by good ventilation (assessed by the interviewer) has a positive effect on longevity, which is significant at the 95% level of confidence in the PH model (90% level of confidence in the MPH model). This is consistent with Dedman et al. (2005) who found, using the Boyd Orr data, that this was the only indicator of housing conditions that significantly affected longevity. This variable probably captures housing conditions more generally, distinguishing for instance between dark dingy tenements and more modern housing.
Infant mortality may affect health and longevity in different ways. On one hand the selection effect may leave the remaining population healthier but, as an indicator of the disease environment, infant mortality may have a scarring effect on those who survive into childhood (see Bozzoli et al., 2007) . Interestingly, we find that children who lived in an area of high infant mortality in the 1930's, experienced significantly (with 95% confidence for the PH model, and 90% confidence for the MPH model) lower life expectancy than those residing in low infant mortality areas. Thus the scarring effect dominates. In fact, we calculate that a one per thousand increase in area infant mortality rate cost these individuals about 0.08 years of expected length of life. 15 Infant mortality varied between 50 and 80 deaths per thousand births over the survey areas, implying that people born in the 'best areas' with an infant mortality rate of only 50 lived about 2 years longer than those born in the 'worst areas'.
Finally, using the estimates from the MPH model, we can look at the importance of unobserved household characteristics in determining longevity. In particular, we can compare the expected length of life for the unobserved 'good types', which consist of some 86% of the households with the 'bad types', which consist of the remaining 14% of the households. The 'bad types' have an average life expectancy that is around 10.9 years lower, suggesting that household unobservable characteristics that we can quantify given the data and the model have a large amount of predictive power. We reiterate that the identification of this finding is helped by the fact that we have more than one child per household for the majority of households. This implies that the results are not driven by the interaction between other variables and duration, which is the source of identification of unobserved heterogeneity in single-spell duration models that lack multiple observations per household.
Competing-Risks (Cause-Specific Mortality)
In contrast to many other studies we treat the causes of death as competing risks, explicitly recognising their interdependence. In Tables 3 and 4 we find that males have a higher mortality risk from all causes but that this gender differential is larger for heart disease than for other causes. In Spec 1 (Table 3) household income significantly reduces mortality resulting from cancer and (for high income) from other causes. However, we note that the income coefficients are very similar in magnitude across for each of the causes of death.
When we add other variables (Table 4 ) the income effects become weaker, consistent with the results for all causes. Although the coefficient on head-of-household unemployment is positive (associated with higher mortality) for all three broad causes of death, it is not statistically significant.
Interestingly, having a large number of siblings was associated with a significantly increased risk of death from other causes but not from cancer or ischaemic heart disease. We also find that being 1 st born was associated with a significantly reduced probability of death from other causes relative to later-born children. The effect of housing conditions as reflected in good ventilation, that we identified for all-cause mortality also works principally though death from other causes. Finally, while the coefficients on area infant mortality are positive for all three broad causes of death, they are not statistically significant.
Conclusion
In this paper, we have contributed to the growing economics literature that focuses on the role that childhood socio-economic conditions play in determining educational, health and labour market outcomes in later life. We exploit a unique dataset that offers a lifetime perspective on children who grew up in the 1930s, when conditions were very different from those of today. It allows us to observe the effects of serious childhood deprivation in a number of dimensions and to link these with later mortality. We also develop a methodology that allows us to identify household specific effects by exploiting the fact that we observe all the children in a given household. Overall our results support the conclusions of epidemiological studies as well as those by economists such as Case et al. (2005) that identify the effects of conditions during childhood on health outcomes later in life.
Five key findings emerge from this analysis. First, growing up in poverty, as reflected in low income and unemployment of the household head, has negative effects on longevity. Second, housing conditions influence longevity through the quality of housing rather than through overcrowding.
Third, there appear to be neighbourhood effects that led to substantial differences for those who grew up in different localities. Fourth, there are large variations in longevity associated with unobserved differences between 'good' and 'bad' households, which could be due to genetics or to unobserved environmental factors at the household level. Finally, these conditions had differential effects on the causes of death, with low income most strongly associated with death from cancer and other conditions such as housing quality influencing death from other causes. Notes: Absolute t-statistic shown. The omitted categories are female, low per capita weekly household income, head of household not unemployed, not 1 st born child in family, house not overcrowded, house assessed by the interviewer as having less than good ventilation. Low household income is per capita weekly household income of less than 10 shilling, Middle household income is 10-20 shillings per capita and High household income is greater than 20 shillings per capita. All models also include a control for 'age at interview'. In Specification 2, additional controls for missing household unemployment and missing ventilation information are included. Notes: Absolute t-statistic shown. The omitted categories are female, low per capita weekly household income, head of household not unemployed, not 1 st born child in family, house not overcrowded, house assessed by the interviewer as having less than good ventilation. Low household income is per capita weekly household income of less than 10 shilling, Middle household income is 10-20 shillings per capita and High household income is greater than 20 shillings per capita. All models also include a control for 'age at interview'. Notes: Absolute t-statistic shown. The omitted categories are female, low per capita weekly household income, head of household not unemployed, not 1 st born child in family, house not overcrowded, house assessed by the interviewer as having less than good ventilation. Low household income is per capita weekly household income of less than 10 shilling, Middle household income is 10-20 shillings per capita and High household income is greater than 20 shillings per capita. All models also include a control for 'age at interview'. Additional controls for missing household unemployment and missing ventilation information are included.
